Repečkienė J., Jukonienė I., Salina O., 2012: Cellulose-decomposing Studies on the abundance and genera composition of cellulose-decomposing fungi in four differently disturbed peatlands occupied by invasive moss Campylopus introflexus were carried out in autumn, spring and summer seasons. The abundance of fungi under C. introflexus was compared with the abundance of fungal communities under other plants occupying the same habitats (Polytrichum strictum, Eriophorum angustifolium, Calluna vulgaris) and bare peat. The serial dilution plate technique was applied for isolation and enumeration of cellulose-decomposing fungi. The large amount of organic matter as well as acidic reaction of peat creates favourable conditions for the development of fungi at the studied sites. The number of cellulose-decomposing fungi depended on the peatland type, prevailing plants and season. The richness of fungal genera (15) was determined under Campylopus introflexus. Fungal isolates belonging to the Penicillium, Trichoderma, Fusarium genera and the Zygomycetes class prevailed.
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INTRODUCTION
Microorganisms of soil are sensitive indicators of ecosystem stability, nutrients transformation and cycling in soil and plant productivity. The abundance of microorganisms and their species composition rates may be used to describe the functioning of ecosystem (Croft et al., 2001; Piaulokaitė-Motuzienė & končius, 2007; . Various physiological groups of bacteria, yeast and fungi are found in peatlands, and their abundance depends on humidity, temperature and availability of nutrients (seMenov et al., 1995; Golovčenko et al., 2010) . Fungal enzymes mainly destroy the most abundant organic polymer cellulose. It was found that about 68 % of fungi possess cellulose degrading ability (JahanGeer et al., 2005) . Less attention has been given to the study on the dependence of fungal communities on composition of the aboveground moss layer in peatlands (Croft et al., 2001; andersen et al., 2010) . We have not found references about cellulose-decomposing fungal communities in human-disturbed peatlands occupied by invasive moss Campylopus introflexus. This expansion can have negative subsequence for natural restoration of plant cover in disturbed peatlands or other damage sites, because they create adverse conditions to the development of grass plants and other organisms.
Soil microorganisms are responsible for litter decomposition and plant species can modify their abundance and community structure (Grayston et al., 1998; BardGet, Walker, 2004; velichka et al., 2009; andersen et al., 2010) . Plant-induced variation in biomass and activity of microorganisms is caused by variation of labile C input in soil (GroffMan et al., 1996; ayres et al., 2006) . The decomposition rate of moss litter is lower than of vascular plants. Mosses contain phenolic compounds, waxes and polymerised lipids mostly than lignin. Due to the chemical composition of mosses residues, they are rather resistant to microbial decomposition (aerts et al., 1999; trinder et al., 2008) . Environmental factors can influence cellulose decomposition rate. In Sphagnum dominated bogs characterized by low rates of plant debris decomposition, acceleration of this process was observed at temperature above 20° C (Pankratov et al., 2011) .
Since fungi are the main destructors of plant residues, and fungal species composition varies under different plants, we hypothesized that spreading of cellulose-decomposing fungi under the invasive moss Campylopus introflexus might show the biodegradability of its remnants.
The aim of this study was to investigate effect of invasive moss C. introflexus cover on community structure of cellulose-degrading fungi able to decompose cellulose-containing plant residues in naturally regenerating disturbed peatlands in Lithuania. We had to ascertain: 1) the abundance of cellulosedecomposing fungi in studied peatlands, 2) richness and diversity of cellulolytic fungal genera under different plants and sampling sites, 3) succession of cellulolytic fungi during the growth season.
MATERIALS AND METHODS
The investigations were carried out in four disturbed peatlands situated in different parts of Lithuania: 1) Palios (Marijampolė dstr.), 2) Mūšos Tyrelis (Joniškis dstr.), 3) Laukėsa (Tauragė dstr.), 4) Šepeta (Kupiškis dstr.). All peatlands have recently been used for peat excavation. Study plots were established in the abandoned areas, where natural layer of vegetation was removed 10-20 years ago. The selected peatlands differed in plant cover: in Mūšos Tyrelis the most abundant was Calluna vulgaris (L.) Hull., in Palios peatland dominated Eriophorum angustifolium Honck., the study plots in Laukėsa and Šepeta peatlands were covered by various herb species. Bryophyte species Campylopus introflexus (Hedw.) Brid. prevailed in all study sites.
Peat samples for microbiological analyses were taken in September 2010, April and June 2011 under various plants: 1) invasive moss Campylopus introflexus, 2) common heather Calluna vulgaris or common cotton-grass Eriophorum angustifolium 3) strict haircap Polytrichum strictum Menzies ex Brid. and 4) bare peat. Peat samples were taken from 0-15 cm layer, randomly from five points within circle area (10 m diameter) and a conjugated sample (about 500 g of peat) was prepared. In four study plots, four conjugated peat samples (under various plants and of bare peat) were collected in three seasons (overall 48 peat samples were analysed). The samples of peat were placed in the plastic bags, maintained at 4°C temperature and analysed as soon as possible (ISO 10381-6:2009) . Total contents of nitrogen, phosphorus, potassium, organic carbon, soil organic matter and pH KCl were examined using standard methods in air-dry peat.
Cultivable fungi able to decompose cellulose were isolated and enumerated applying the serial dilution plate technique. One ml of each peat sample suspension (in dilution 1:10000) was sown in five replicates on the surface of Haskins-Weston medium containing 0.5 % of carboxymethylcellulose Na salt (BilaJ, 1973) . The inoculated plates (in total 240) were incubated at 26° C temperature for 5-7 days and the fungal colonies were counted. The number of fungi was expressed as a colony forming units per gram of dry peat (CFU g -1 d. p.) (carter, 1993) . Fungal genera and species were identified with reference on the basis of their cultural and micromorphological properties (Pitt, 1979; Bissett, 1991; WatanaBe, 2002; saMson & frisvad, 2004; doMsch et al., 2007; Pečiulytė & Bridžiuvienė, 2008) . Occurrence rate of various fungal genera was defined as the ratio of the number of peat samples in which a given genus was detected to the total number of analysed samples. Population density was calculated as ratio between isolates number of a given species and total number of isolates (Golovchenko et al., 2002) .
The SPSS 16 statistical package was used for all data analysis in this paper.
Differences in mean number of microorganisms between four peatlands and under individual plant species were ascertained by variance analysis (oneway ANOVA) followed by multiple comparisons of means conducted using Tukey's test (HSD). Differences in mean number of microorganisms between samples taken under Campylopus introflexus and vascular plant species, C. introflexus and Polytrichum strictum, C. introflexus and bare peat in partic-ular peatland were tested for statistical significance employing the Mann-Whitney U test.
Spearman's rho was used to reveal correlation between the number of cellulolytic fungi and chemical parameters of peat.
All differences were significant at 0.05 probability level.
RESULTS
The number of cellulose-decomposing fungi. The seasonal differences of cellulolytic fungi amount in four studied peatlands were estimated during vegetation period. In autumn (September 2010), the highest amount of fungi able to decompose cellulose was determined in Mūšos Tyrelis -977-1962 The number of CFU of cellulolytic fungi positively correlated with the amount of carbon (Spearman's rho 0.429, p < 0.05) and organic matter (Spearman's rho 0.400, p < 0.05), while negatively -with the amount of phosphorus (rho -0.504, p < 0.05).
The cellulose-decomposing fungi most abundantly were isolated from peat samples collected in Mūšos Tyrelis peatland under invasive moss Campylopus introflexus. The number of fungi in this peatland from autumn to summer gradually decreased from 1962 to 325 × 10 3 CFU/g d. p. while in the samples from Palios and Šepeta they were more abundant in summer than in spring and their number exceeded or approximated to highest amounts estimated in autumn. The fewer amounts of cellulolytic fungi under the moss were isolated from Šepeta peat in autumn and summer and from Palios -in spring (Fig. 1) .
Mann-Whitney U test showed significant differences between the number of cellulose-decomposing fungi under C. introflexus and bare peat in Mūšos Tyrelis and Laukėsa peatlands. In Šepeta significant differences in the number of fungi among all plants and bare peat were calculated (in all cases p < 0.05).
Under vascular plants cellulose-decomposing fungi were more abundant in Mūšos Tyrelis peatland as well. Their amount in summer increased as compared to that in spring (except Laukėsa peatland).
Under the moss Polytrichum strictum the abundance of this fungal group varied in a similar way as compared to C. introflexus. In autumn, their number Genera composition of cellulose-decomposing fungi. The richness of fungal genera decomposing cellulose differed in various peat samples as well. In total, 1802 isolates belonging to 16 genera were isolated. The richest in genera was Palios (14) and Laukėsa (13) peat, while in Mūšos Tyrelis only nine and Šepeta -seven genera were isolated.
Fungi of the Penicillium Link and Trichoderma Pers. genera were isolated from almost all samples (Table 2 ). Sacharolytic fungi from genus Mortierrela Coem. were frequent under all plants, except bare peat. More fungal genera with occasional rate (OR) > 30 % were found under the moss Polytrichum strictum, and with OR <30 % -under Campylopus introflexus.
From the peat under C. introflexus, 468 strains of 15 genera were isolated during the investigation period. At the same time from the peat samples under other plants 10-11 genera of cellulose-decomposing fungi were found and the number of their isolates ranged from 379 (under Polytrichum strictum) to 497 (under vascular plants).
In autumn, 13 fungal genera, in spring -12, in summer -10 were isolated from all studied samples. Penicillium genus fungi dominated in autumn, except the peat under Calluna vulgaris in Mūšos Tyrelis and under Polytrichum strictum in Šepeta, where Fusarium Link prevailed, also in Laukėsa bare peat, where the largest part of isolates belonged to the genus Verticillium Nees. In spring the population density of Trichoderma, Fusarium and Verticillium species increased. So, the genera composition varied between the investigated peatlands as well as the seasons.
Effect of plant type on cellulose-decomposing fungi. The fungi of Penicillium genus dominated under Campylopus introflexus cover in autumn in all peatlands (Table 3) . Although nine other species were isolated from the peat, their population density (PD) was low. Only Trichoderma in Laukėsa and Verticillium in Palios were more abundantly distributed (PD -above 16 %). In spring, the species from six genera were isolated, but their PD was higher. Verticillium and Exophiala J. W. Carmich. were rather frequent in Palios, Fusarium (dominated) -in Mūšos Tyrelis, Trichoderma -in Šepeta. In summer, 7 genera were isolated, but only Fusarium in Palios and Trichoderma in Šepeta were isolated in higher amounts.
During the research period, from the peat under C. introflexus as well as from the other samples on the medium with cellulose, Penicillium species composed the most part of isolates. Their population density in different peatlands was 28-65.7 %. In Palios and Mūšos Tyrelis peatlands, a significant part (29.4-55.1 %) consisted of the Fusarium spp. Link while the strains of genus Verticillium were rather Under vascular plants, eight genera of cellulolytic fungi were isolated in autumn, six in spring and summer. Penicillium dominated in three of the studied peatlands, while, in Mūšos Tyrelis, Fusarium was more abundant in autumn and their PD remained high in spring (Table 4 ). In spring, the part of Trichoderma isolates in Laukėsa and Mortierella isolates in Šepeta considerably increased.
Under vascular plants the strains of Penicillium genus made up 29.3-65 %, but in Mūšos Tyrelis and Šepeta peatlands, dominated Fusarium genus comprising 40.4-63.5 % isolates (Fig. 3) .
The fungi Fusarium sporotrihioides, F. oxysporum Schltdl., Paecilomyces farinosus (Holmsk. et Gray) A. H. S. Br. et G. Sm., Trichoderma longibrachiatum, T. virens were dominant under vascular plants.
From the peat samples collected under moss Polytrichum strictum, five genera of cellulolytic fungi were isolated in autumn and spring, whereas seven -in summer. Except Šepeta, where Fusarium dominated, in other peatlands, the genus Penicillium prevailed in autumn (Table 5 ). In spring, Trichoderma dominated in Palios and reached 100 % PD in Šepeta. In summer, the growth of various genera was suppressed by intensive development of the Penicillium species except Palios, where the Fusarium fungi predominated.
Under moss Polytrichum strictum, the Penicillium spp. fungi made up 41-77 % of all isolated strains in different peatlands (Fig. 4) . In Palios It should be noted that in bare peat high population density of Fusarium (Palios and Šepeta in summer) and Verticillium (Laukėsa in autumn) was estimated (Table 6 ).
In the peat of Mūšos Tyrelis Trichoderma fungi distribution under various plants was very low (0.8-1.6 %). Only in bare peat they were obtained slightly more abundantly -4.1 % (Fig. 5) 
DISCUSSION
Microorganisms degrade complex organic polymers: cellulose, hemicellulose and lignin up to intermediate products of humic acids. The role of fungi on plant residues decomposition is very important in acid peat, where development of bacteria is complicated. Fungi are able to destruct organic residues to soluble hydrocarbons, which are available for the nutrition of other microorganisms and plants (Piaulokaitė-Motuzienė & končius, 2007) . The greatest amount of cellulose-decomposing fungi from the studied peatlands was isolated in autumn, while the least -in spring. Similar results about seasonal distribution of microorganisms and their decomposition potential have been reported in various articles (Golovchenko et al., 2002; andersen et al., 2010) . These results show that higher number of fungi in the peat is correlated with higher carbon and organic matter content that increase at the end of growth season. In the peat under moss Campylopus introflexus, the number of cellulose-decomposing fungi differed in separate peatlands and varied in different vegetation seasons. Despite the limitation of the serial dilution plate technique applied in this study it may be stated that in the most cases invasive moss C. introflexus had insignificant influence on the number of fungal CFU in the peat.
The richness of fungal genera decomposing cellulose differed in various peatlands and under different plants. The wide distribution of fast-growing and abundantly sporulating Trichoderma in spring or Penicillium in autumn and summer suppressed the growth of other fungal species. Furthermore, in variants with the highest fungal CFU amounts the least species diversity was estimated. The similar contrasts of total abundance and the number of fungal genera have been reported by other authors (Pečiulytė & dirGinčiūtė-volodkienė, 2009 ).
Fungi of the Penicillium, Trichoderma and Mortierrela genera prevailed in the studied peat samples. Fungal genera with occasional rate > 30 % were more abundant under the moss Polytrichum strictum than under other plants. Under Campylopus introflexus fast-growing Fusarium and Verticillium were isolated more rarely than under other plants and in bare peat; even so seven occasional genera were found. Fungi of slow-growing genera, of which phenoloxidase activity is characteristic (Cladosporium, Oidiodendron, Scytalidium, Exophiala and others), were found rather rarely (< 10 %), though their role in natural polymers decomposition is very important. It has been reported that in upper layer of peat the abundance of dark-pigmented fungi varies from 0 % in spring to 34 % in autumn. Oidiodendron species isolated from decomposing Sphagnum are known to show phenoloxidase activity (Golovchenko et al., 2002; thorMann et al., 2002) .
The greatest amount of isolates and genera were found in the peat under Campylopus introflexus as compared with other plants or bare peat. These data coincided with the spreading tendency of other cultivable fungi isolated on malt agar from peat samples in separate peatlands and under different plants (data not presented). Consequently, the invasive moss does not have negative effect on the distribution of fungi.
In autumn, under Campylopus introflexus, the fungi of the Penicillium, Trichoderma and Verticillium genera dominated. In spring, the species from Penicillium, Verticillium, Exophiala, Fusarium and Trichoderma genera were isolated more frequently. In this season the destruction of plant remnants starts, therefore, in many peat samples the number of Trichoderma fungi increased. Fungi of this genus are known as active decomposers of organic matter and improvers of soil structure. They participate in the decomposition of lignin-cellulose complex (GruMGrzyMaylo & Bilanenko, 2010) .
During the research period, Penicillium species composed the most part of isolates under all plants. These species are ubiquitous saprothrophs and produce wide spectrum of metabolites. They are not the main degraders of recalcitrant plant residues, therefore, several species (P. digitatum (Fresen.) G. A. de Vries, P. lividum Westling and P. spinulosum Thom, which were very frequently isolated in our experiment, are able to decompose cellulose (doMsh et al., 2007) .
Under Campylopus introflexus in Palios and Mūšos Tyrelis peatlands, a significant part consisted of the Fusarium spp., which on the one hand has the ability to decompose plant residues containing cellulose, but on the other hand may be the agents of plant diseases (doMsch et al., 2007) . It must be noted that under invasive moss, although rarely, Phoma eupyrena Sacc., Paecilomyces lilacinus (Thom) Samson, Exophiala jeanselmei (Langeron) McGinnis et A. A. Padhye, Oidiodendron flavum von Szilvinyi were isolated. These species are very important in degradation of plant biopolymers. Scytalidium lignicola Pesante and Cladosporium cladosporioides (Fresen.) G. A. de Vries were isolated only under this moss in autumn. Large amounts of slow growing and complex compounds decomposing fungi have been found in the peat by other researchers (Golovčenko et al., 2002) . The increase of carbon in soil stimulates the activity and abundance of initial colonizers (r-strategists) decomposing plant residues. At the same time species able to destroy recalcitrant components of organic matter (K-strategists) are suppressed (Bla- GodatskaJa et al., 2007) . Presumably the residues of Campylopus introflexus have more compounds recalcitrant to microbial decomposition, therefore, more fungal species belonging to K-strategists take part in their biodegradation.
Fungi from the Penicillium or Fusarium (Mūšos Tyrelis) genera under vascular plants were more abundant in autumn. In spring, the part of Trichoderma (Laukėsa) and Mortierella (Šepeta) considerably increased. yan et al. (2008) reports that pioneer species (Eriophorum vaginatum, Er. angustifolium and Calluna vulgaris) alter the functional response of microbial community of a previously cutover peatland. In rhizosphere of vascular plants compounds with low molecular weight (sugars, amino and organic acids) are easily available to fungi. Fungi of the Zygomycetes class are known as rapid decomposers of simple carbohydrates (kuBicek & druzhinina, 2007) . It may be noted that the studied vascular plants had different root system and produced different metabolites, therefore some variations in fungal genera composition was observed. For example, under Eriophorum angustifolium fungi from the Zygomycetes class were obtained more rarely than under Calluna vulgaris.
From the peat under another moss Polytrichum strictum, 11 genera of cellulolytic fungi were isolated. The Penicillium genus fungi prevailed in autumn, except Šepeta, where Fusarium dominated. In spring, Trichoderma dominated in Palios and Šepeta. Cellulolytic activity is characteristic of isolated species, and this shows active decomposition of residues at these sites. In summer, the growth of various genera was suppressed by intensive development of the Penicillium species except Palios, where the Fusarium fungi predominated. The greater part of isolates of the Trichoderma genus fungi in comparison with peat under vascular plants (except Mūšos Tyrelis peatland) was found.
The organic residues (twigs, leaves, etc.) occur in bare peat; therefore the same fungal genera as under various plants were isolated from this variant. Species of the Zygomycetes class able to destruct easily decomposing compounds were isolated rather frequently. Species from the Fusarium, Trichoderma and Verticillium genera, known as cellulose destructors, were isolated as well.
Although the richness of fungal genera under Polytrichum strictum in the most cases was greater than under Campylopus introflexus (especially in autumn period), under the last-mentioned moss more genera from Dematiaceae (1 and 7, respectively) were isolated. The high enzymatic activity (especially phenoloxydase and laccase, which take part in the destruction of lignin-cellulose complex) is characteristic of fungi containing melanin pigment in their cells (thorMann et al., 2002; Currah & Davey, 2006) .
It can be predicted that moss residues are more recalcitrant for degradation than residues of vascular plants Eriophorum angustifolium or Calluna vulgaris, but some adapted fungal species, especially from dematiaceous fungi were able to carry out this process intensively. Similar results were obtained by other authors, when moss Sphagnum sp. showed the lowest rates of decomposition in comparison with vascular plants (BraGazza et al., 2007; trinder, et al., 2008) .
Based on lower cellulolytic activity in variants with higher species diversity (seMenov et al., 1995) it may be concluded that fungal community in peat with low nutrient content are not able to ensure fast degradation of plant remnants. The degradation of invasive moss Campylopus introflexus residues and microorganisms participating at the various stages of this process should be the objective of further investigations.
CONCLUSIONS
This study for the first time revealed the tendencies of distribution of cellulose-decomposing fungi under Campylopus introflexus in disturbed peatlands. The number of fungi able to decompose cellulose in peat samples from different peatlands ranged from 51.77 to 1962.5 thou. CFU/g d. p. Their abundance correlated with the amount of total carbon and organic matter in the peat. The greatest numbers of cellulolytic fungi were isolated in autumn and the least -in summer time.
Under invasive moss C. introflexus, the amount of cellulose-decomposing fungi varied similarly as under other plants. In total, 16 genera of fungi decomposing cellulose were isolated. The genera Penicillium, Trichoderma, Fusarium, Verticillium and the species of Zygomycetes predominated. Under the moss C. introflexus, the greatest diversity of fungal species (15 genera) was estimated.
The residues of C. introflexus in comparison with other studied plants are more recalcitrant to microbi-al decomposition. This decision is confirmed by the fact that fungal species with phenoloxidase activity important in lignin-cellulose complex biodegradation (Cladosporium cladosporioides, Oidiodendron flavum, Scytalidium lignicola) are widely spread in the peat under the moss.
